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Molecular Biology SelectThe suffix ‘‘–some’’ is derived from the Greek word ‘‘soma,’’ which means body. Molecular biologists use the ‘‘–some’’
suffix when naming macromolecular assemblies, such as the ribosome, spliceosome, and exosome, and more recently
the metabolosome and periodosome. This issue’s Molecular Biology Select discusses reports that highlight the func-
tional and structural intricacies of these systems.
The Ribosome Three-Step
Ribosomes are RNA-protein complexes that are central to the process of translation during
which information encoded bymessenger RNA (mRNA) is converted into the protein sequence.
Recent structural and functional studies have highlighted the importance of ribosomal motion
during translation. In a new study, Wen et al. (2008) apply optical tweezers to study translation
ofsinglemRNAhairpinsbyasingle ribosome,onecodonata time.First, theauthorsstalledasin-
gle ribosome at the 50 end of anmRNA hairpin construct attached to two beads. One bead was
held on amicropipette tip and the secondwasheld by an optical trap,whichmeasures the force
exerted on themRNA.During subsequent experiments both beadswere held by optical traps to
improve the stability ofmeasurements. For eachmeasurement, translationwas resumedby ad-
ditionof anappropriate aminoacyl-tRNAmixture.With their setup, the investigatorswere able to
follow translation by a single ribosome in real time bymonitoring how the distance between the
beadschanges as the ribosomeopens the hairpin andmovesalong themRNA.The authors dis-
covered that translation occurs in a discrete step-pause-step pattern, with transitions between
patterns representing translation of an individual codon. Remarkably, different ribosomes pro-
duced significantly different translation trajectories, with variations in translation rate and the
number, location, and length of pauses. In addition to the brief intrinsic pauses in ribosome
activity (2.2 s on average), there were longer pauses (up to 1–2 min) that the authors propose
mightbe important for translational regulation. Thus, translation seems tobeadiscreteprocess,
composedof a seriesof translocation-pause-translocationevents. Intrinsicpause length, that is
the time the ribosome spends before translocating to the next codon, determines the rate of
translation andmightbecontrolledbyseveral successive rate-limitingsteps.Each translocation
step is of fixed duration and is composed of three substeps, which might indicate that the
ribosome moves over a single codon one base at a time.
J.-D. Wen et al. (2008). Nature 452, 598–603. Published onilne March 9, 2008. 10.1038/
nature06716.
How to Construct a Spliceosome
Splicing is a pre-mRNA processing step that removes sections of noncoding sequences and is catalyzed by the spliceosome, a large
RNA-protein macromolecular assembly. Spliceosomes are composed of five small nuclear ribonucleoproteins (snRNPs) and more
than 200 proteins, which are associated in a complex network of RNA-RNA, RNA-protein, and protein-protein interactions. Each
splicing cycle involves two consecutive catalytic steps, step I and step II, and requires de novo assembly of a spliceosome. Step I
is catalyzed by activated B complexes and step II is catalyzed by the spliceosomal C complexes. Bessonov et al. (2008) nowdescribe
a method to isolate catalytically active spliceosome C complexes using designer pre-mRNAs containing a 60 nucleotide polypyrimi-
dine tract but no terminal AG dinucleotide or 30 exon. When the pre-mRNA is incubated with nuclear extracts, it undergoes 50 site
cleavage and lariat formation, thereby allowing robust formation of B and C complexes, which can be isolated and analyzed. Isolated
C complexes are fully catalytically active, indicating that they contain all of the factors required for the second splicing reaction. Anal-
ysis of the protein components of the B and C complexes revealed both similarities and differences. Although significant numbers of
protein components are identical in both the B and C complexes, several proteins that play a role in spliceosome assembly but
not catalysis are lost during the process of remodeling complex B into complex C. Some proteins, such as components of the
exon-junction complex, are recruited during the final catalytic step and thus are present only in C complexes. These results indicate
that protein-protein and protein-RNA interaction networks are continuously rewired throughout the splicing reaction. The availability
of purified, active human C complexes opens the door for future functional and structural studies.
S. Bessonov et al. (2008). Nature. Published online March 5, 2008. 10.1038/nature06842.
Keeping an Eye on RNAs
Cells have evolved an elaborate RNA surveillance apparatus to monitor and control RNA metabolism. A critical component of this
surveillancemachinery is the exosome, amultiprotein complex with a 30/ 50 exonuclease activity, which is responsible for RNA pro-
cessing and degradation. In yeast, the only exosome component of the exosome core that displays exonuclease activity is Rrp44,
a homolog ofRNase II andRNaseR in bacteria. LikeRNaseRbut unlike othermembers of theRNase II family, Rrp44 is able to degrade
both single-stranded RNA (ssRNA) and double-stranded RNA (dsRNA). Lorentzen et al. (2008) now provide a structural platform
for understanding this unique capability. To obtain diffraction quality crystals, the authors prepared a truncated version of Rrp44
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that was catalytically active although it lacked the amino-terminal PIN domain. Next, crystals
were prepared of a catalytically inactive version of the amino-terminal truncated Rrp44 bound
toa13nucleotidepoly(A) ssRNAsubstrate.When the investigators solved thecrystal structures
they found that Rrp44 is organized into four domains (similar to RNase II): two amino-terminal
cold-shock domains (CSD1 and CSD2), a catalytic RNB domain, and a carboxy-terminal S1
domain. Individual Rrp44 domains are structurally similar to the corresponding RNase II
domains, but their relative orientation is very different. Interestingly, RNA reaches the Rrp44
active site by following a path that deviates significantly from the one observed for RNase II.
The specific domain arrangement found in Rrp44 is important for dsRNA processing and likely
provides Rrp44 with the ability to unwind dsRNA through steric occlusions. Finally, the Rrp44
structure can be fitted into the published electronmicroscopy reconstruction of the yeast exo-
some without major rearrangements of individual Rrp44 domains, although an accurate fitting
and understanding of how the catalytically inactive exosome subunits contribute to the path of
incoming RNAs will require higher-resolution structures of the 10 subunit exosome in complex
with different RNAs.
E. Lorentzen et al. (2008). Mol. Cell 29, 717–728.
Metabolosome Swapping Gets Serious
Although bacteria are commonly
thought to lack intracellular partitions,
some bacteria contain well-defined
microcompartments surrounded by a proteinaceous shell that resemble the
organelles of eukaryotes. These large macromolecular complexes were first
observed in cyanobacteria (in this case, they contain enzymes involved in
CO2 fixation and hence are called ‘‘carboxysomes’’). Recently, similar polyhe-
dral complexes have been observed in heterotrophic bacteria. These organ-
elles show overall similarity in shape and size, in sequence conservation
between the proteinaceous components, and in their ability to encapsulate
enzymes involved inagivenmetabolicpathway.Hence, theyhavebeen termed
metabolosomes.ThebacteriumCitrobacter freundiimetabolizes1,2-propane-
diol using itsmetabolosomes, which contain 21 proteins encodedby the pdu operon. To investigatemetabolosome biogenesis, Parsons
et al. (2008) transferred the entire pdu operon of C. freundii to E. coli. The transformed E. coli cells were able to produce the enzymes
encoded by the pdu operon, make metabolosomes, and metabolize propanediol. The recombinant metabolosomes made by E. coli
exhibited twodistinct diametersas revealedby transmissionelectronmicroscopy (TEM)oncell sections,whichcould reflectanunderlying
elongated nonspherical structure. Metabolosome substructures, seen at higher magnifications, displayed regularly spaced layers with
a high intrinsic order. Super-STEM (aberration-corrected noncontrast electron microscopy) revealed that the inner layers of the meta-
bolosome represent a nonamorphous environment with regular assemblies of structural proteins, adding to existing research showing
that theouterproteinaceous shell displays structural features reminiscent of viral capsids.Furtheranalysis showed thatmajor shell protein
components are critical for metabolosome biogenesis and morphology. The new study supports the view that entire metabolic operons
couldhavebeen transferredhorizontally throughoutevolutionproducinguniquemetabolosomes, thusenablingdifferentbacterial species
to sequester particular metabolic processes.
J.P. Parsons et al. (2008). J. Biol. Chem. Published online March 10, 2008. 10.1074/jbc.M709214200.
The Ebb and Flow of the Cyanobacterial Clock
An internal circadian clock provides organismswith the ability to synchronize their metabolic activity with the environmental day-night
cycle. In cyanobacteria, the circadian clock consists of three clock proteins, KaiA, KaiB, and KaiC that assemble to form amultimeric
complex called the periodosome. The molecular mechanism underlying the circadian rhythm in many different organisms is thought
to be based on interrelated transcription/translation feedback loops. However, oscillations in the phosphorylation of KaiC in the
cyanobacterial periodosome have been observed in the absence of transcription or translation. In a new study, Akiyama et al.
(2008) use small-angle X-ray scattering to establish the relationship between KaiC phosphorylation and the assembly/disassembly
of the periodosome. The authors made real-time measurements of the periodosome reconstituted in vitro, containing KaiA2 (dimer),
KaiB4 (tertramer), KaiC6 (hexamer), and ATP. They found that the system goes through a synchronization stage before it reaches the
oscillation stage. During the synchronization stage, the assembly/disassembly of Kai complexes is not under steady-state condi-
tions, and correlates with the phosphorylation status of KaiC6 in a unique manner, with the highest KaiC6 phosphorylation levels
preceding the formation of the largest Kai protein assembly. The authors propose that during the synchronization stage, assembly/
disassembly of Kai proteins entrains the cyanobacterial circadian clock, whereas during the oscillation phase it is the phosphorylation
status of KaiC6 that controls the cyanobacterial clock.
S. Akiyama et al. (2008). Mol. Cell 29, 703–716.
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